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ABSTRACT

Prom .a..total :of~ .3O0,OOO~ exposures taken in an experiment using -a. .. -

30 Lnch.hydrogen .bubble chazaber at -the Argonne National. Laboratory , a
~~~ sample of 2613 events of the type ii~p + were extracted. Al].. of
~~~ the bubble chamber photographs were measured by the PEPR (Precision

Encoding and Pattern Recognition) point guidance system. The data wa~reduced using the standard TVGP , SQUAW, and ARROW programs. 
• :.

• The sample of four—prong four—constraint events was analyzed under
two separate processes , a cluster analysis using the rapidity variable,
and a’~iodified Prism Plot analysis using longitudinally Lorentz invar—
iant paraneters.. Results of the two analyses in obtaining a sample of

• T1•p ~ events were cotapared. Total cross :-sectiona for the reac—
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~~~~~~~~~~~~ tions. ~~p + p , r+~~ and the .partial cross section for the j ~4+p 0
channel were given. - 

- - .~ •

3. Comparisons between the Prism Plot data and the- predictions of the
Dar -Watts—Weisskopf- Absorption Model. ware. made. . Spin density matrix

~ ~jJ elements were calculated and studied. The absorption parameters It(s) - -

~~~ and d(s) were determined. Evidence that these absorption radii are no~•) L.&.. Independent of the exchange mechanism is introduced~
• - •

- 
. 5 -S 

~~~~~~— 
- 1

• j ~:r ~~ z~ 1e~I~~Thesis Supervisor: Robert I. Hulsizer 
~~~~~~~~~~~~~~~~~~~~~~~ 

lklmiited

Title : Professor of Physics

-

. 

. 

• 
.

5 D D~-
~~ 1~ Efl~

) I7!i
COPY AVAILAILE 11) PI~ DOES NIT APR 28 1978

~~~~~~~~~~~~~~~~ _ _ _ _ _



—~~~~— - 
~~ — .— S —~~~~~~

- H .
- 

- 

S 

(;
~:~

-‘

~
;i
~

------ — -. -— —-—-•--_ -_ •__ •__ -. •-—---.1 
S

5 5 \I A ~TDDY OP TREjtEA~TION J -

~~~~~ 

~~~~~~~~~~~~ 
~~, 

- 

—7

°r 
- I-

by 
-

~~~~~

B.S., UNITED STATES MILITARY ACAD~ 1Y
- . 

.
5

(1969) ~

SU~4ITTED IN PARTIAL FULFILLMENT

OF THE REQUIR~~iENTS FOR THE 0 D (~~ ‘

DECREE OF MAStER OF H~ 
-

~~~~~~~~ (7
-

- scx~ c~ 
- 

S 

APR 28 1978

- at the u :L;L~L~uu1L
• -

MASSACHUSETTS INSTITUTE OP

$~ guature of Author / ~~~~ ~~~~~~~~~~~~~~~~~~~~ ~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Department of Physics , June 3.977

-
• Certified by - 

~~~~~~ ~~~~~~~~Thesis Supervisor

Accepted by 

• 

—9 -

S Ci~~iirman . --Departmental Co~~iittee
on Graduate Students

_ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



• . 
S 

- 
• A STUDY OP THE REACTION 

- S - -

- - .T+p* ~~+fp I~,
- 

- - 

- WITH INCOMING PION MOMENTUM OF 5.8 CEV/C 
- 

-
- 

-

- - 
- 

S 

• • - by - 

S 
- 

- 
-

- 
-
- S S 

• THOMAS FRANCIS RII}IOS - 
- - - 

- 
-

- 

- 
• 

- - Submitted to the Department of Physics on May 16, 1977 in partia l . • 

- 

-

.

• 

• 
- fulfillment of the requirements for the degree of Master of Science. 

-

— - 

- 

- - 

- 

S 
• 

- • 
- - 

S 

- 
- 

- 

- •
- 5 

-
. S - 

S -
- - - ABSTRACT - 

- - - :  - 
- • : .

+

- From -a- total of: .300 ,000. exposures taken in an experiment using a. : - - 
- -

.

30 inch .bydrogen.bubble chamber at -the ftrgonne NationaL Laboratory, a - 
•

~~~~
- sample of 2613 events of the type • p~~p~i~ were extrac ted~ MI—gf-~ ~~ S -

-
- the bubble chamber photographs ~ e~~~ aeas~ired by the PEPR (Precision - 

-• Encoding end Pattern Recognition) point guidance system. The data was • -

- 

• reduced using the standard TVCP , SQUAW , and .ARROW programs. 
S 

- 
- - 

. • 
- 

- 
- • -

-

~ - - 

- • 

The sample of four—prong four—constraint events was analyzed under - -

- two separate processes, a cluster analysis using the rapidity variable, -

-
• - and a\blodified Prism Plo t analysis using 1ongitud ~~a1ly Lorentz invar—

• Lent par tex-s.. Results of the two analyses in. obtaining a sample of • 
- : •

- . 
- 

(i~p +  - U e~~ ~~ ware compared. ( Total cross :sectiona La a rea c.— - -

-~~~~~~ ti~ns. ii- + a’ and the .partiai cross section for the • 
5 

5 

5 - , 

-

• P’(~’ chanueZ~~e 
~~~~

-;
~~~~

• - -----
~~~ 

p~~r’-~ 
T 

~~~~~~~~~~~~~~~~~~~~~ 
.~~~~~~ ~~~~~ 

r~-~’~ - 

-

S - - Comparisons between the PrisQ Plot data and the predictions of the -

Dar -Watts—Weisskopf- Absorption Model. were. made.. Spin density matrix 
- 

- 
-

- . - elements were calculated and studied. The absorption parameters It(s) - 
-. • - • 

S -

• - - - and cl(s) were determined. Evidence that these absorption radii are not . - -

- Independent of the exchange mechanism is introduced. r . • 

-

- 
S ~~~~~~~~~ —~ —- - -Thesis Supervisor : Robert I. Hulsizer 

S ,~~,..

- 
. 5 

- ‘- - -fl S~ -’
Title : Profe ssor of Physics - -

1~’

- IIsNIIUTIOt i&~ t~fl1 ~~~Ei 
•

-— u.~. ~~~~‘ -  ~~

S - 
• I~~T~1



S —  - -~~~~ ~~~~---~~~~~~
-.- . ‘  

__ —,--~

S CONTENTS 
-

A3STRACT . . . . , . . . . . . . . . . . • .  . . . . . . . . . . . 2

AC~~ OtJLEDGU1~~iTS . . . . . . . . . . . • • • • • • • . - . . . . . . 4

I INTRODUCTION . . . .. . . • • • • • .. . . . . . . . . 5

II ~~~ERI~~NT.AL SETUP . . •
5~~ . . . . • .  . . . . . S • S • 7

III DATA R~~TJCT1ON ~ . . . . . . . . . . ..~~~~~~.. .. . . . . 8

IV CROSS SECTIONS . . . . . . . . • . • • • • • • • • • • 12

V - PRISM PLOT ANALTSIS . . . . . . . . . . . . . . . • . . . . .14
VI RAPIDITY ANALYSIS . . . . . . . . . . . • • • -. • •. 16

VII THE ONE PARTICLE EXCHANGE PROCESS . . . . . . .. . . . . . 22

VIII THE ABSORPTXGN MODEL OP DAR—WArTS-WEISSXOPF . . . . . - . 27 - -

REFERENCES. . . . . • .  • .  . . . . . . . . . .. . . . . . . . . .33

FIGURES . . . .. . . .. . . . . . . . . . . . ~ .. . . . .•. • 35
S -

- 
- S

- ..• - • . : . - -  - •
- -

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~
_
~1_ 

~~~~~~~~c~~~~~~~~~~:::~~~~~~~~~~



- 5 -  .-~----- 
- - .--•- -—-----— -- - ___ - __5 5_ _i~.5--_ •.- ---- —--_ S-_ — 

~
— - - - - - - —-  

~~~~~~~~~~~~~~~~~~~~
-.-- •—

- ACKNOWLEDGEMENTS 
S 

- 
- 

-

. 

S 

- 

S

- Much of the research that went Lute this paper would never have been

- possible withàut the invaluable help of the physicists in the APC Group •

- 

of the Laboratory for Nuclear Science. To Professor Irwin Pless I extend

• my deepest gratitude for introducing inc to the group and for reviving my

interest in high energy physics. My special thanks goes to Professor

Robert Hulsizer, my faculty advisor , for his help and encouragement .

• Credit should go to Dr. Michael Hodous ,- from whom I inherited the 
-

S 

:

‘

. 
3 8  Gay/c data, and who did the initial data reduction for the exper— S

• 
-

• 

- 

leant. 
S 

S . - . •
. 

-

• 
- 

•• •
- . 

- 

- 
-

. 

S

- - 
S . 

- 
I would also like to thank my fellow graduate studenta with APC, ~

. . - 
-

- especially to Mr. Thomas Lainis and Mr. Jerry P. Silverman for their - •

help and advic, with the Prism Plot program and the ABSOR program; to . .

- Mr. Austin Kepler for his help with the absorption model; and to Mr . - 
-

• James Brau for his many Ideas and encouragement during my two years - 
• 

- 
- 

S

• ~~ - 
5 5

at

. I would like to extend a special word of thanks to Mr. Patrick - 
•

. S

• 

S 
‘ • Miller, whos, work with this experiment is mentioned in this, paper, and

- 
- without whose help this paper would never have been possible. 

S - 

- 

• -

- —4-. - -

I ~~~~~~
__  _-_ _ - -~ ~~~~~~~~~~~~~~~~~~~~ 

L ._S -~-‘ -5- -• ~~~~~~~ - •
5 

—— ~~~~~~~,



-_~~~~~ ,. ~~.,n ~~~~~‘ 
-

~ ~~~~~~~~~~~~~~~~~ s~

I INTRODUCTION S 
- 

- 

- S

- a re~~1t of many experimental analyses, it has been generally under—

stood that many interactions ±nvolving high energy particles that result in a
• four body fInal state proceed through quasi two—body intermediate states. For

thoie’four—body final state interactions involving a 5.8 GeV/c p°sitt~e pion ~~~~~~~~
- —

striking, a proton, the dominant quasi tworbody states’~are that”of the A~~pU

~~~~~~~ and nucleonic diffractive dissociation. This thesis discuaaea •

S separation of the A~~p’~ channel and - studies. -the dynamics of this Interaction

- 
fron the point of view of the peripheral model. -

The setup for this e~cperIment at the Argonne National Laboratory is

described in Section II of.. this ‘paper. Tb. process of data reduction, from -

the scanning -31 the bubble chamber photographs to the production of the data.

anm~ary tape, is described in 
‘Section III. Additionally, total cross

sections for the reactions + p T+i’ are given.- - 
- 

• 
- •

There are several models that may be compared with data to learn some—

S 
think about the dynamics of hadron interactions . Applying these mod~j~ to a -

sample of events is usually a straightfoi~ward matter,. but one- of the~ ~~~~ dii—-

- Licult tasks of the experinental physicist is segregating out the sainpie of

events that belong to the channel appropriate to the- model fran the many other~

channels . One method of channel separation X&- the Pri~~ .Plot Analysis, and

it is discussed in Sec~tion IV, Another method of channel assortment relies

on separation the channels by their distribution. in~ the rapidity Variable.

Although the channel selection process of this method is not quite as clean

as that of the Prism Plot , it provides some insight into the kinematics of 
S

the four—body state. The rapidity analysis is discussed in Section V~



—---55-  -•~—-~~--,- -~—-- --—- -.5 ~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~ S S f l • fl~~~f l~~~ ~~~~~~~~ 
S ‘‘~~~~ ‘

As stated pr.viously, once a sample of events for a given channel is 
- 

- 
-

obtaia.d, - it cam readily be applied to - teat the. predictions of a tbeoretj caj  
- ‘

model- of the interaction. ‘Zn this paper, the analysis centers- around a - -

R.gg. pole - exchange mechanism with special - attention -paid to the Peripheral -

Nodal., In section VI” there is a discussion of the density matrix introduced . - “

- - 

- - by J. fl Jackion and K. Gottfried . Additionally, the Dar—Watts”Weisskopf S 
- 

- -

S 

Absorptia~ Nodel is briefly discussed.. In section VII a comparison is made

bet.ism~ th. data and the predictions of this model.. -

S — 
- - - 

S 
- 
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• 
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II EXPERIMENTAL SETUP - -

• A. BAcI~CEOUND - 
- S 

-

- 
The data used in this paper comes from an experiment done in September

1968, and again in February 1970, at the Argonne National Laboratory’s

- 12.5. CaY/c Zero Gradient Synchrotron (ZGS) , where 300,000 exposures were 
- 

-

• 

- made of a 5.8 CeV/c positive pion beam into the 30 inch Hera Hydrogen. S

Bubble Chamber. - The experimental - 
setup has been explained in great detail - 

S

in several previous papers. (1—3] - 
- 

- 

-

B. ZGS r BEP~! LINE - 

S 

‘ - 

- 
• 

-

- -At intervals of about three times each four leconds, approximately 5Z

of : the primary proton beam in - the ZCS ~as deflected at an. angle of 7 to 8 ,.
onto a copper target (See Figure- 1]. Each pulse last~~ about 100 micro—

seconds. Tim quadrupole magnets aligned the beam 4nto a bending magnet that 
- 

- 
-

- 

deflected positive particles with -a mom~ntua of approximately 5 • 8 GaIt/c
p - ‘ - 

-

• - through a mothentum. collimator and a set of electrostatic separat ors. The
S S - -

beam ~hsn went’ through a second bending i~iagnet and. a similar set of e1e~ —

trostatic separators . - For the ilnal bea3 entering the. bubble chamber, it 
- 

-

was estimated that the proton contamination wa~ less than O.3Z. Kaon, nuon , 
-

and positron contauthiation were limited t.o 0.7Z, l.3Z~. and 0.-1X respectively. 
‘

- The magnetic field in the bubble chamber was approximately 30 kilogausa,(3)

— 7-.

L 
_ _ _ _ _ _ _ _ _
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- III DATA REDUCTION 
- 

- - - 
S 

- 

- 
- 

-

.

-
- A. INITIAL STEPS - 

- 
- 

- - 

S 

- 

- 
- 

- 

- 
- 

- 
-

- The bubble chamber exposures were scanned on image plane digitjz~~ (IPD) - 
- 

-

- tables. In order to gain reliability in momenta measurements, a fidu~~~1 
-

volume was chosen which required all outgoing tracks to be at least 18 centi— - -

- 

S 

- meters long in order for the event to be accepted. “ An event occurring within 
- -:

- this fiducial yoluna was marked. by a scanner for digiea]. recording at. the 
- 

- -

- vertex, - along the incoming beam track, and 
- 
twice along each outgoing tra~c1~ 

- 

-

S 

• - , 
-- In the case of the incoming beam track being cluster~d within 2 mm of another 

- 
-
-

- - beam track, a separate bean track in- the frame , outside the cluster, ~~~~~~~~ 
- ‘ 

- S 
- 

- 

-

• - .  measure~I.: to determine the incoming beam -momentum. This inforutation was 
- — 

-

• - - :  -- -

-
~~~~~~ 

punchid on cards and fed into a digital computer.for recording. - - 
- 

- 

-
~~~~

-
~ 

- - -

- - 

Precise measurement of track para~etez’s vas-’accoaplisb9d - th~ougb use of 
-:

- 
- the PEPR system developed at MIT.- Using the guidance input provided by the - 

‘ J
- scanners , PEPR measured ’and recorded the x and y coordinaté S •of up to twenty 

-

- -~~~~~~\ . - “

poini~ per track to within about 50 iiim. This information was, retorded for -

- 
- 

- each of tha three co~aera vlaws onto three separate magnetic. tapes. f4~ The -- - - 
- 

-

- -

-
- - PE?1~ output was used by a program called TRDIERGE to match the~ three tracics ’ 

-

of each particle and to merge the three separate measurements of PEP~ o~to 
- 

• 

- 
S

- a single record.(5] - 
- - 

- : -
- 

- 

- - 
-
- 
:

- 
- 

- 

~~ :- • -

- B. FITTING PROGRANS - 
S 

- 
- - ‘ 

- 5 

-
- 

- - 

- - -- 
‘ - 

S - -

The Three View Geornetry Program (TVG?), wrirten~ ot the University. of -

California (Berkely) and modified at ~he University of Maryland was used to -

reconstruct the tracks into three di~ ensiona 1 space . 16] The fits done for - 

-

- tracks were obtained by using the proton or pion. i~~ss- for positive tracks,

- — 8-- - 
- 

-

—— — ‘ ‘~~~~~~ ~~ ~~~~~~~~~~~~~~~~~ 
~~~~ ~~ ~~~~~~~~~~ ‘ 5 . s a- _  ~

_ _ _
~~~~. s._~_ -~~ .-
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- -

- and the pion mass fox! negative tracks. - -

S - The three dimensional tracks were kinematicalty fitted as’ Particles by

the SQUMJ program, which also originated at the University of Califor~j~
- (Ber kely) , and was modified at the Argonne National Laboratory and. the 

- S

- University of ” Maryland. [7] The incoming pion momentum used to do the - 
-

-. kinematical fitting was obtained from a beam map. This was done ~~~~~ -

momenta 3neasux!fTnents based on track curvatures are highly. susceptible to

S 
- - 

error. - The beam map was essentially obtained by fitting four—prong S

S 

- yith a four constraint hypothesis , starting, with an. a’mrage value of the

beam momentum. 
- 

Since four prong four—cons traint -events usually have lower
- energy outgoing particles, their momenta cau be more easily measth:ed~ Also ,~ - -

T . four—prong events with four constraints would provide a relatively batter - 
- - 

S

~ measure of particle momenta than four—prong events with less than four

S 

- constraints. -Those - four—prong events’ ‘that successfully mat the four—const-r~~nt

- fi~ ware then used to provide a new average momentum. The process i5 repeated 
-

S 

using~the successfully fItted eve~ts. unt il the- probabiity -4intribut~0j~ of the

- 

- 

events is fLat~[?ig.- 2] The- sharp sp ike near zero occurs since ~VGP treats -

all errors as gaussian distributed when in fact, they- are not. - - 
- 

- 

- 

-

The SQUAW program, with each f i t , attempts to ~uinix~ize a valu~ defined 
S 

-

-

. by - .  

- 
- 

S - 
- 

- 
S -

.

S - - 5 -
- 2 , f  zn~- X Z - —X i ~ X1—X1,’.

- i,j~ ]~ 
~ - 

- 

- 
-

- where n is - the number of variables, is a fi tted var iable, is the

corresponding measured variable, and A~ . is an element of ‘the inverse of

- 
the error matrix for the measured variables. ,An acceptable value of 

~
2 is

S usually less than six times the number of constraints in a f i t  [3). 

--
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. 

- The SQUAW output carried a max imum of nine hypothetical fits per

- - 
even~. The following table is a listing of events that had more than

- 
- 

one successful SQUAW f i t :  - , 
- -

- 
- -. - 

-
. 

S -

- 

- 

EVENT TYPE 
~ILTERNATE RYPOTRESES ADDED BY SQUAW

- 

S 

- - 
- 

- 
- - 

S 
~+p l~j~ (J 1+p~r

+r~
••

r~ +~+~~ - - -

(meson) (baryozi)

2613 1199 2459 316 561

40 4529 4463 1142 2647

7 737 1169 1368 1338
- 5 ’ . S 

-
. 

- -

7509 -

(meson)

+ + +-  4056
S - - j

’
S - 

~~~~~~~~~~~~~~~~~~~~ 

- 
- 

-
- : - - ‘~~~~~~~~ - 

- -

- -  

- 

. - (baryon) - - - - S - - S -. - 
‘ - 

— 
- - -

- TABLE 1

- 

- . 
- -: Zvents of the last two types have no other SQUAW fits because hypo— :

- 
- 

t with zero constraints are, .tha last to be -selected onto the data

suzin~~ry tape.

C. SELECTZ~~ EVENTS 
-

- 
S - 

- 
The SQUAW output wa’s 

- 

checked by a modified version of 
- 

tb~ ARR0~ program

-

- 

- - 

called ARROWN. The program selectively rejected ev~nts with x2 greater 
-

- - 

-

‘ than six times their number of constraints. Ionization -errors wake also

- 

- 
- 

- checked by ABROWN by use of the var~ab1e c~, defined by - 

-

S - - 
~~ ~ (B Z~q/1og £~). - - 

-
- - 

-

S 
- N-i 1 

- 
-

- 
- -

- 
where N is the number of tracks ) B sj~~~ the usual ratio of the particle S

- - 
velocity to the speed of light, £ is r,he bubble density of the track,

- and q is varied in order to minimize c~ [:1,2 ,33. Any partic1e.~sistdentj fj ed

S 
- . —10— -

- - -—S  
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -- —

S -
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- - by SQUAW would have a discrepancy between its predicted and measured -

- 
- 
ionizations, caus ing the minimum value of a to become greater. Aa with - 

-

earlier experiments using the Argonne National Laboratory ’s bubble chamber ,

- an upper limiting value of .03 was set for a [8—111. The ionization ot

tracks in approximately one hundred events were hand measured and were

found to reasonably correlate to the ionization values given by the -

ARROWN program. -

-
‘ 

- 

Obvious discrepancies such as an incorrectly identIfied- proton track

- would also cause ARROWN to reject an evezit. Events that had more than

S one successful fit  had only the first three fits with the highest uuuib~ r

- 
of constraints written onto the Data S~~~ary Tape, the output of ARROWN.

For events with more than one succe5sf~l fit the £03-lowing format was

used: a four constraint fit was choser over a fit with three Constraints,. - 

,

‘ 
- 

- 

- - 
a three constraint fit was chosen ~“7gr a one constraint fit, and a one

- constraint fit was preferred over a f i t  with no constraintc . 
- -

- 
- 

-

—‘11-
I-  -

- ~~~~~~~~~~~~ -- —--~-- , L~_ _ ,á,~~~ - _ _  —- - - — —-



IV C~~SS SECTIONS - S - - 
- 

- 

- 
- - S - - 

- 

- 
-

A. GENERAL 
- 

‘ 
- 

- 

- 

- 
S - 

-

. 

- 
- 

- 
- - :  -

.

The pion flux was obtained by taking a track count on every hundredth -

- 

- -

frame and averaging the count over the entire experiment. It was found th~~
- 

- - 
only 65% of the four prong events scanned on. the IPD tables were on the DST, -

- - where they were lost from system error, failure to m ake any SQUAW fits, or 
- -

S - 

- were rej ected by ARROW for -fatling ionization criteria. -Assuming that each - -

- 
- 

- four prong. channel had an equal probability of loss~s during’ reduction, a 
- 

-

factor of .65 was used to correct fox- four prong—4 constraint event losses,

B. VISIBILITT ANG LE — 

-

An important source of errors is the misidentification of events by -

the scanners because one or more particles 
- 

in the - interaction had components 
- 

- 
-

: - - - of- their velocity almost perpendicular to the observation glass, of the — 
-

• 
-

- 

bubble chamber. Identification prejudices due to th is effect can be” - 

- 

- 

-

- 

det~rmined by an analysis of the visibility angle, Ow. defined az~:.: : - 

- 

- 
- 

-
-

Cos O,~ -’~ ~~~~~~~~~~~~~~~~~~~~~ 
-

S 

- 
- 

S S -
‘ 

- 
-
‘ 

~~inc ~ -~~~~~ ‘~ inc ~ - - :. 
- 

- 

-
- 

-

- 
- 

- 

1

- - zinc is the mozentum vector of the incident piozm, k is a zi tar in - 
- 

-

• the d~~eetion of tiLe observation window, and S is the momentum ‘vectox- of 
- 

:

- the slowest particle in the reaction. An event with- O,~,11m90 is one in which 
- -

- the slowest particle traveled in the k direction. The distribution-~- of 
- 

- 

-
~

- 
for this, experiment is shown in Pig. 3. As can be seen, there -is -a - 

‘ 

- 
- - 

- - -1
definite decline Ln the event count in the regions l6O>e~

>166 , for ’ the - 
- -

events. Since the U distribution should be isotropic, it can be deter— -

mined that the data lost approximately 4Z of its events, necessitating

an increase in, the number of events by a factor of 1.06.

—12— - 
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C. CROSS SECTIONS - 

- 
-

-
- 

- - Th. value for the hydrogen density ua*d in the cross section calcu—

lations ~~~ .O6l.5±.OO1 gm/cm3. The length of the fiducial volume used was

26.2±.35 cm. Although this paper is concerned with ~~~ interactions, data

analysis for an identical experiment involving i(p interactions waa also done.

The results are : 
- 

- - S 
- 

-

-i~p -‘-0 ps~~~i’: 2613 events or Z.2 1±.12 mb - 
S S

- - - ,p - ’  pi~ir ir : 1856- events or ]..39:±.08 mb • - -

S 

- . 

- 

Invariant mass ‘distributions for various combinations of the interactjo~ - 

-

- 
- 
particles in, the 17p reaction are shown in rigs. 4 to 9. As can be seen

from Pigs. 4 and ‘5, the A~
4 ’ resovance is very pronâunced--wbile the 4~* is -

barely discernible above the background. There are also strong indicators

e of p~
1 cud f” production [Pig.7J. There is also some indication, of A meson

production, with the strongest enhancement in the A2 region (Pig. 9]. - 
S

- - 
-

• ~~~~~~~~~~~~~~~~~~~~~~ 
S

5

’

~~~

’

~~~~~~~ -

-
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V PR~ZSX PLOT ANALISIS - 
- 

‘ 
-

me channel analysts in this paper ,vas based on events Chafln,~ ted 
- - 

:

by a variatio n of the Prism Plot Analysis done by Patrick A. Miller , a - 
-

- graduate stu4ant with ~he Laboratory f or Nuclear Science (18]. The Prism - -

- Plot Analysis involves the ~~ocedure of sorting out the various inter~ edj ats

states that- lead to the f inal stat e seen in the bubble chamber, such as 
- 

-

i~ P .~~~~ 
pir1,4s .  In the )Uller version , the otdiuazy prism plot coord i— - :  

-

S 
- 

- 

mates were replaced with a sat of longitudinaily Lorentz invariant va~g~. 
- - 

- 

-

- — 
-
- shies. 

- 
S 

- 
S 

- - - - — - -~ -
-

. - ‘ 
- 

- 
- 

- - 
- - -

- 

-
~ : : ‘ These variab les are composed of the energy, E, and longitudinaL -

- 
- - - 

- - 
S 

- 

-

~

momentum, p .  The Lorentz transformation for these variables is

• El + 
~~~~~~ 

K(E1 + PLI)o i—l,2,3,4

where K ~ / (1—~)/(1+~) , and ~~ v/c. 3
S 

- 

- Then we see -that the quantities q
1 
are Lorenta invariant where, - 

- 
- - _ 

-

q —  Ei ± PLi
CE + PL)

TOt -

It is found that particles arisjng front different intermediate states

will tend to occupy different regions of phase space. This is in fact - - 
- 

—

the case, although the regions occupied by the various intermediate states 
- 

-

- - - - 
-

- overlap [19,20,211. Briefly, the Prism Plot Analysis plots real events 
- _ -Il

into a 3N—5 dimensional kine~natic space; N being the number of partLcle~

in the final state. For eaàh intermediate state it then produces a large - 
-

number of events having general kinematical properties of that particulax- - -

channel, and plots them together with the real events. The plotted Space

- - is broken up into arbitrarily small boxes~ Each real event is then, given

L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ .J
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a probability weight for each channel based on the number and type of -

- generated events that occupy the box it is in. These so-called ‘tagged’ 
-

real events then provid e a production angular distribution for each

channel which is used to generate events again, and the process is repeated. 
-

‘

This iterative process’ cøntinues until, the distribution of events in each

channel reaches a constant form, which usually occurs after ten to twenty

iterations. - When the analysis 1~ finished, each event~carriea a weight 
-

- 

for- belonging to each intermediate state. The sum of all weights for a

- channel than gives the total number of events in the cbamnel’[3]. Of the

- 
- - 

2613 four prong—four constraint events on the DST, Mr. Miller’s Prism Plot

- Analysis found 876 events to be in the channel T” -p -~~ £~
+

~I U, giving a 
- 

- - - -

• partial cross se~tion for this channel of .740 ± .090 mb. Pigura 10 -

- 

shows the Invariant mass distributions of the pi~~ and the ii~w sorted

out by this process. - - 

~~- - -

- - - -

- 

- 

-

- S - 

- 

- 

-

— 
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VI RAPIDITT MALYSIS 
S 

- 
- 

- 

- 

- 

- - - - 
S 

-

A. RAPIDITY - 
- 

- 
- 

- 

- 

-
- 

- - 

- 
-

If a pion strikes a pro ton in a bubble chamber and interacts to form one

• or more resonances , we would expect to find the decay products emerge from

- the interaction in clusters of particles corresponding to the respective 
-

- 
resonances. One method of analysing the clustering of particles is by means 

- -

of their longitudinal velocity. 
- 

This is because particles of a cluster , 
- - 

- 

- -

except for differential velocity acquired in the decay process, would have -

- 
- 

the same velocity as the entire cluster in the limit where the sum of the 
- 

- -

- 

- 
particle masses is the cluster - 

mass. An ideal variable for this purpose is -

- rapidity, usually labelled y, defined as - - 

- 

- , -- 
- - 

- - 

- 

- 

-

y 1 ln~ [E+p]/ [E—p] I ~ in I (l+~]/I 1—~ ]I

-
~ where E , p, and B are the particle’s energy , longitudinal moment~~, and 

- 
- 

- 

- 
-

• 1on~itudinal velocity ratio respectively. Rapidity suits our purposes we3l . 
-

here.~~ince the momentum of a particle is proportionaL to its mass. Rapidity ’

has the Lorezttz invariant property , - 
- - ‘

-
~ 

-
S :- 

- 

- 
- 

-

dy dp/dE.

It therefore transforms like a Galilean velocity. In other words, a - -

- 

- - 
rapidity distribution will have the sara shap~ :tn any- Lorentz frama along -

the longitudinal axis. - - 

- 

-
S 

- 

- 

- 
S 

- 

‘~ 
-

B. CLUSTER DEFflflTlO~ S - 

- 

- . 
- 

-

There are two general ways of defining clusters based on rapidity [12, 
-

13,14]. Since this paper is concerned with only the A ’~~p0 channel, only ’

intermediate states having two clusters were cth~sidered. In method one , all

- 
the final state particles are combined in every possible combination that

—16— 
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- 

will provide two clusters. - 

- 
The rapidity of one hypothetical. cluster j~ - 

- S

-
, 

compared with its corresponding partner. That combin at ion that provides the 
-

largest gap in rapidity betwee n the clusters defines the two- clusters fox a
- given event. In method two, the particles are ordered with respect to their 

-

- - 
- rap idities and the rapidity gap between each set of two particles is measured.

Particles on either side of0 the 
- largest gap are then defined as cornpo;jug the

- -
- two cluste rs . Zn the following sections only cluste rs arrived at by method 

-

I - two will -be - used.~ To clarify -terminology, a two by two cluster groupj~g

- 
- represents au event- with the gap between the second-an d~ third particle, while

- 
a one by th ree group ing Is one with the gap between the~ first anct second

particles or the third and fourth particles. Cluster distributions based on - - 
-

H 
- 

- 

the two methods discussed above do not differ greatly. The- clistributiona ar~

~~ shown In the table below~ - - 
- 

- 
- 

- 

- 
•

- 

- -
: - 

- S 
- 

- CLUSTER B - 
- 

- 

- 
-

-
- - 

-

S 

-- - 

+ -  + + T + _
-

- 

- - 
ir it i pir i - pFt l X l r - pi~

- 
\ _ 

•
; . ~~ . 364 - S 

5

- 

S~ 

5
- 

- ‘ (226) 
- 

- 

5 

• 
- 

- 
~~~~- 

- S
- - - -

S 

- - 
- - 1130 

- 

- 

-

- 
- S 

- 
- • S 

- 
- 

- (1338) 
- 

- 

- 
- 

-

- CLUSTER A ir~ 
- 

- - 

- 68-I - 
- - 

- 

S - 

- -

-
. 

S 

- S - 
- 

- - - 
-

- 
- • (575> - - :

- 

S 

- 
515 -

-

- 
- - (369) -

- 123 -

- (liz) 
-

(~iEmOD 1) - 
-

TI!3L~ 2 - - -

- 
—17— - 
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: - 
- 

- ~o test , whether the clustars defined above actually ahow sign. of inter— -

- 
- - mediate state resonances we can Look at the invariant mass plota of the 2x2

- - clusters. The pi~ and 4~~ èlusterings should be dominated by ~~~ and p t’.

- Method 2 provides a larger sampling of events in these groupings, an4 when 
-

- 
- - 

-

- b aking at the invariant mass plots (See- Pig. 11) of these -groupings we see
- 

S - that they are indeed dominated by the ~~~ - and P u resonances. ‘ 
- - . 

-
- 

-

- - 
- - - - - - - 

- 

~:- - The question should erise that Li the Prism Plot Analysts discussed in 
- 

- 

- j
- - 

S 
- Section V provides relatively clean sa~zples of the various. - chan-Dels, than why

- -
5 -

-
- . - - - 5 5~~~~~~~~~~~~~ 

- - - 
- - -

5 -

. 
~~~~ -

- 

- 
-
-

- 
- - 

- - - 

- discuss a rapidity analysis? The answer is that for a thte e -body fitt~3. .t~~, 
- 

1

each iteration of the analysis can ta~.e an IBM 360 Computer up to 2 hours to

; • S~ 

-
- 

- 

- 
- run. The time is longer for higher multiplicity states. &ddi tiona lly , 

- 

- S

-

- 
-
. 

- - 

tagging routines - far multiplicity states of the order of si~ or above -ha ve 
- 

-
~

-
. - - -

. yet 
- 
to be -deve1op~d. For practical reasons thee, i.e., ~~ ck- of tine or f~~~~S, -

• - -
. 

- it ~~~ not be feasible to ton?lete a prisn plot analysis for a set of data. - 
- 

-

- - ;  
- 

- 

- 
- It is the purpose of this section -to dernonstrate 

- 
that a reasonably c1~ an 

- -

samp1~ can be obtained through rapid~ty analysis. In a later section we wi1~
See that there is reasonable agreement between clustered and tagged events

when their mass distr ibutions are compared .

C. THE ~+f~ U SI~~PLE 
-

-
. 

- - P~gur es 12 a -through d show- the rapidity distributions in the C~ frame- , - -

- 
- - for each of the final state particles in all the four prong—four COflg traSnt

events. It is easily seen that the leading positive pion, defined as the 
- 

-

pion with the ‘greater ion~itudirtal velccity , i arf~zb1~y emar8e.s in the 
- 

- 

- 4
- 

forward direction while the protoz~ invariably emergen in the backward - 
-

- - direction. However, f u l l y  4/ 5 of the sloper positive pious lie in the 
- -

- negative ~~pidity region while only about: 1/2 of the negative pious lie in -
-

- the positive rapidity regLon~ A study of these four distributions can 
- 

-

S 
- - - - 

—a-- 
- 

- 

- S -

H 
-
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reveal several features of the interaction. Because of the greater number

of particles with negative rapidity one could properly surmise that the

amplitude of nucleonic diffractive dissociation (DD) is greater than tha t

for piou diffractive dissociation. It is also apparent that the ~~~ re—

: Sonance -events outnumber the A’~ events. The prism plot analysis confirms 
S

- these hypotheses. In any case , the can cOme from a proton (DD) channel

as well as’ the ~~~~~ channel, and the p U ‘may also come from A meson decay.

It is one’s major task then to isolate events that give rise to these

resonances into their proper channels. -

- 

- 
-

Prom kinematical considerations , we would expeet that quasi—two body

intermediate states , in which both intermediate particles themselves decay

into two particles , would provide most of the events ’in the two by two

particle cluster groupings. By a ‘previous- argument we would expect the

£Up+ sample to be small. Therefore ,- we would expect to see p” and f°

mesons in’ the i~ 1 invariant mass of the 2 x 2 group. As shown Sn - 
-

Figur~~]-] , -t here is incleed a P u enhancement but very little if any f meson .

This can be explained by the fact that because of the. great mass of the f U ,

the decaying pious will carry much greater kinetic energy. Since the fU S

decays with an angular distribution proportional to cos23, where 0 is the
- polar angle in the Gottfried—Jacksou f rame of the ~~~ we would expect a

majority of the decaying pions to have either extremely high or low longi-

tudinal momenta , with a correspondingly large difference in their rapidities,

say on the order of 2.0. Because their momenta are relatively mu ch greater

than those of the pions from P u decay , the rapidity of the backward pion is

closer to the rapidities of the ~~~ decay products than to its sister plan

In a rapidity analysis it would then show up as a three by one cluster group.

- 

—19 - -
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~~~

We now have a fairly clean sample of 448 A~~p hI events. Where ar e the
’

other 450 events , discovered in the Prism Plot Analysis? Let ’s look at the p 0

in its rest fra me and define the polar axis as the direction of the incoming

beam. - +

S 

- 

- 

, 

- 

- - 

- 

- 
- 

- 

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- 
S 

-

, 

- 

- 

S 

- 

-

- 

The rapidity of the p ” is greater than that of the A~~ since the p 0

emerges from the bean pion vertex while the ~~~ emerges. from the pro ton vertex .

(Pig. 14) Therefore; pious decaying from the p 0 should have a rapidity

greater than either of the decay products of the A~~, and we would see a 
- 

two

by two clustering . Figure 13 shows the 4istribution of cos 0 for this group ,

and we see that it contains a higher proportion of events with 1114c0’c3ir/4 .

The missing events then are those with” small 0., which show up as a three by

- 
one clustering. - 

- -

- 

~uiere are thrbe types of three by one- cluster groupings, and they can

be defined b7 their respective one particle clusters. The three types then - -

are the proton alone, negative pion alone, and positive pion alone. As might

be expected , the proton alone groupings show A meson production and very

little of anything else. (Fig. 15) It no~i remains to aiialyze the other two

typeá. 
- 

- 

- -

fl fl CLUSTER GROUPINC -

‘ 

It turns out that the i âluster grouping provides a rich sample of

channel events.(Fig. 16) Clearly, this cluster grouping represents 
-

events in which the vector meson of the upper vertex decayed with a negative

pion in forward direction. If we compare these data with the ic~ cluster

—20 -
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grouping mass plots (Fig. 17), we see that the — grouping is relativ ely

cleaner. This is to be expected since there are more channels that can

possibly compete in events with the alone.

There remains the matter of separating the f0 from the p~ event s . 
~~~ 

S

mass cut - can be used to accomplish -this , but a slightly cleaner cut can be

obtained by making a rapidity cut. This is done by plotting the rapi ditie s

o~ u9 a systems that make up the masons (Fig. 18) . Since the p 0 is the

lighter of the two masons its rapidity will be greater, with a lower edge

- - about the value .i- (see Fig. 14) . Figure 19 shows the invariant masses of
+ - S S

the i if 
- 

and pir systems after this cut.

E. ir
•1• CLUSTER GR0UPI~C - 

- 

-

As shown in Pig. 16, the ~‘~ p U chartuel clearly dominates the ~~ alone

cluster grouping. Rowever , a look at Fig. 17,-will show that this is not the

case with the rt alone cluster grouping. The nucleonic DD channel especially,

shares this cluster grouping. Now in reality, the A~~p’~ channel is a 2x2

c1us~er grouping and proton DD is a 3x1 cluster grouping, so we might

- - suspect that 3x1. cluster groupings in which the three particle width is

greater than the cluster gap itself might indeed, be a 2x2 cluster grouping.

Therefore, events were selected that either had a three particle rap—
-
- idity width greater than the cluster gap , or had a cluster gap less than

1.0 in rapidity. - 
-

- The invariant mass distributions f or the total. selected events are

shown in Figure 20. One sees that the cut sample is indeed a fairly rich

source of ~~~~ events. With this final cut , a sample of about 800 events

bad been accumulated for further study. - 
-

-21- -
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VII THE ON~ PARTICLE EXCHANGE PROCESS 
-

A. THE PERIPHERAL MODEL - - - - - 
- 

‘

An examination of the rapidity distributions of the ~~ and p0 in - 
-

-

. 
Figure.- i~~ shows that :in these interactions [in the center of uas~ f ramej, 

S

the meson predominantly scatters- forward - and- the baryou scatters backward. 
S

- Observations of many other types of inelastic interactions has shown that it

- - is generally true -that the ~econdary particles will form two clusters of 
-

particles, associated with the primary beam and target -particles. This

S 
observation, plus -the indications that many inelastic reactions proceed via

- intermediate states, has led to the development of the peripheral model for

strong interactions. 
- - 

S -

The model proposes that the interaction particles -do, not collide head

on, but glance at each other without significantly changing their directions.

The model would say that the incoming pion interacts with the pLan cloud
S - surrounding the proton, rather than with the proton itself. 

- 
The interaction - -

is sId to be do~1nated by the exchange of ~ virtual particle, and can be

depictád by the Feyntaan diagram shown below . - - 

S 
- 

S

Here, a and b are the incoming and target particles respectively1 c and d are

the intermediate resonances of the upper and lover -vertices, e is the - -

S 

- 
exchange particle and t is the four— ~iot~entwn transfer.

- 
— 2 2—  

- - 

-

-- ~~~~~~~~~~~~~~~~~~~~~~~~~ -- - - ~~~~~~~~~
. 
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B. THE EXCHANGE PARTICLE S -
-

For the particular case under study here a is the beam pion, b is- the

proton target, c the rho meson, and d is the delta baryon. The quantum

- 

numbers of the exchange particle can be deduced from conservation laws.

Since the C—parity of a pion is negative and the C—parity of the rho is

positive, the exchange particle must have a negative C—parity. Its charm

- 
- and strangeness are zero since neither the pion nor the rho are charmed or

strange particles. Conservation of Isospin requires the exchange particle

to have an isospin of 0,1 at the upper vartex , and an isospin of 1,2 at - 
S

the lower vertex , therefore , we see its isospin is 1. A quick look in

the the Rosenfeld Tables will show that only pions and the A
2 meson meet

these requirements. - 
-

- -
- The peripheral model deals with long range forces as for example

- 

- 
the form of the Yukawa potential, exp(—nr/r), where the range of the 

-

force is inversely proportional to the ~iass of the exchange particle.

We~rnight suspect then that the lighter pion would, be the primary exchange
\

particle, and indeed , as we will see in the data, it does dominate the -

exchange process. -

C. DENSITY }IATRIX ELENE~TTS - 

-

- S

The decay angular distributions used in this study were derived by

S Pilkuhn, et. al.[15]. For a resonance with J 1  
S 

S

W(cosO,~) .~~~ w {!(l—p
00
) + ~~ 3p00—l ) &~c s~

2O

—p
1 1

sin26cos2$ — ~~ Rx~P10
sia2Ocos~}.

—23-- -

- S -~~~~-5- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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For a resonance with J ~’3I2 , - 

S 

- - 

-

- 

- 

- 

W(cosO,+) — if {~~(l+4p33) + -~-(l—4p 33)cos2O 
- 

- 

-

- - 
- 

- 

- 
— -~~- Rep3 1

sin2OcosZ+ — Rep 
1
sLn2Ocos~}. 

-

S 
- 

S - 
- - , 

- 
3 

-

- In these equations,- p~~ represents the density mattix element. Let Lu> be

the pure spin states which contribute with weights q to the quantum

mechanical mixture of a resonance. p is defined then- by - 

- 
- 

- 

- 
- 

S

-
. 

- 
- 

- 
- - p -Z Ju>q <u~ with ~q 1.- 

- 

- 

- - 

- 
- 

-

- - 
U U - U U - 

- 
- -

S 
- 

- 
- 

The subscripts of p refer to the (234-i) eigenstates of the Z components of 
- 

-

- the spin operator -of the resonance. p is then a (23+1) dimensional matrix

with the elements - 
- 

S 
- - 

— - 

- 

- 
-

: 
- 

- 
- - 

~ qijpjv> ~ E9 1 J u>p <uIV> . 
-
- 

- 
- 

- 

S

S 
- S - 

- U U - - - S -

We see then that -P~~ is the weight -with which the state Jm> is contai ned in -

the’mixture. A derivation of the density matrix is given in a paper by

J. D. Jackson, et. aL[15] and an elegant explanation of the properties of -

density matrices are given in a lecture by N. Schmitz and N. Pilkuhn (16).

Our purpose hare is to understand the basic properties of t~ie.componenta of
- 

-
. 

the density matrix and their use in understanding the dynamics of high energy

interactions. 
S 

- - 

- 

- 

S 
- 

- 
-

The density matrix has two general properties pertinent to this investi—

gation. The first property is that the density natrix is normalized , that is,
-

- Z p  — T r p — l .  -

~11J 
- 

- 
- 

-

A second property stems from conservation of parity.- For an unpolarized

incident beam • 

- 

-

S 
S - p

~~ 
— (_1)~~~~~V~~~~ 

- 

-

S . —24— - S - - 
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This property holds because the matrix is IjerTaitian. (171 This relation is

equivalent to stati ng that - - 

- 

-

p ’ — p  . 
S 

-

Pu —P—P

S D. PREDICTIONS OF THE ONE MESON EXCEA~’GE (ONE) MODEL. BASED ON DENSITY MA TRICES .
- 

- 

- 
Consider the production of the tho meson at the upper- ver tex of the

diagram drawn in Section A. The process can be shown schematically in the - - - 
-

diagram below, with the part icles shown iü the form (JP) -

- L -
-

- 
( 0)  - 

- 

- 

(J PC)
- 

p U(1 ) - 
- 

- 
e 

S

Earlie r it was shown that only two mesons could be the exchange particle jn

order to conserve parity, angular motuentum and isospin , and - these were the

- pion and the A2 meson. Let’s check how these masons will affect the density

matrix.~ 
- - - S

Case of 2+ exchange particle ~A~) - 

S 

- 

- - 

-

conservation of angular momentum, L”1,2,3 and LjO. Parity

conservation requires L -to be even. Conservation of L
~ 
gives J~~~’O,± 1.-

Fran the definition of the density matrix 
-

- p _ r c u L i ø zp • 
s

- PU U U -

The Clebsch—Gordon coefficients for these calculations gives the value*

p0 — p — 0. - Again, using - the normalization condition, -

~ 
p0 - S -

- 

- 
- 

~1’ 
: 

~~~ (l—p
00

) 
- - 

- 

- 

- 

-

The value of p1_1 is arbitrary. -

Case of O~ exchange particle- (iv !) -

Prom conservation of angular momentum , L’~’l and L~”O, therefore,

- 1  —25-- 
-
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parity is also ~on~.rved since, - 

-

- S 

- 

P(v+) p(v+) (_j )L 
— P(p U ) —1. -

- Conservation of the z component of angular uiomeutu~ will allow only. m

S 
- state i equa l- to zero, that is, - - -

- 
- 

— J± 1> are nor allowed. - S 
- -

Therefore, - 
- - - 

- 

-

S 
-

- 

S 
- 

~il,m~~~~m,±1 ° 
- 

- 
5

- 
- - 

- 

-

Since the trace of the density matrix must equal unity, it follows tha t ,

S 

- 
-

- 

- 
S 

- 

- 

- - 

- - -

S 

- 
Case for the Lower Vertex. 

- 
- - - 

- - 

- 
- - 

- 

-

- As a final calculation we can determine the valueg of the density 
- 

- - 

-

- 
- 

matrix elements for the lower vertex. The chematic. diagram- for the re— - 

-

action would appear as follows: - 
- 

- 
- 

- 
- 

S

- - - L - - - - 
S

(1k) 
S 

-
.

- 2 
~-H- (3+) S 

- - : 
-

-
- 

S

Since’the proton has spin 1/2 , prenictions for the density matrix elements
- can be made uniquely only for the case of a spinless exchange particle. 

-

S 
Therefore , only the case of the pion exchange will be considered. Con•.

servat ion of angular ~iomentum gives L—l ,2 and L5—O. Parity conservati on -

requires L to be odd. Conservation of L2 requires rn—±l/2, which equals

the z component of the proton ’s spin. - 

-

S 

- 
1/2 

- 

- -

- 

S 

+ 
p Z <±3/2ju>2 p 0.

- 
- - 

m—3 ±3 ,m u —1/2 - U -

(The subscripts have been multiplied by two to simplify notation). Again,

from the normalization condition, - 
-

~ ~~!( l-p . )
- 11 2 .33

- p s’!11. . 2 ‘ 
-



- VIII. THE ABSORPTION MODEL OF DAR—WATTS--WEISSKOPF

A. AN ABSORPTIVE MODEL 
S -

Figure 22 shows that the cross section of the reaction ,r~p+&~~pU

becomes strongly attenuated for larger values of t, the momentum exchange.

As explained earlier, the Peripheral model suggests the mechanism for this

reaction is pion exchange with the bean particle glancing past the per-i—

pherality of the target. Bowever, the model does not suggest a strong

dependency upon t , and therefore fails to explain the strong attenuation

in cross section as t increases. Attempts to f it this phenomenon by

using form factors have proven unfruitful 1253. However, fairly good
- fits for the cross section dependence upon t have been given by an idea -

generally known as the absorption model (15]. Qualitatively, the absor-p—

tion model states -that for higher energy- inelastic collisions, there are

- - - many channels which the colliding partic~.es can follow. -These channels

compete with each other, and specifically, cause the cross section of the

£I+p 0 ,~channei to be reduced . 
- 
Iince t is inv~~se1y proporUonal to th~~jm—

- pact paraneter, b , we again ~-ae from fi~u~e 22 that th~ absorption cffe~t

becomes stronger for smaller b • Now b is related to angular momant~~ j by

the ~elation, 
S 

-

-
. - 

- 1~ j (j+ l) — (~b)’. S

We would expect then that mainly partial waves with anial3. orbital angular

momenta yould~fee1 the--affects of.absorpt -~on most strongly [16].

We - see then -that  the density matrix elements that ~ic~ra calculated in

the previous section must take account of the t &~pendunce of the cross

section. This is so because larger prc dur t~on angles will correspond to

larger t. S

—27— - 
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B. A NEW ABSORPTION MODEL FOR HADRON COLLISIONS - 
-

-

. The differential cross section for a two—body reaction

- a + b .— c + d  , - S

with unpolarized incident beam is given by - -

- 

— 1 1 — E 1’X aXb1M I l cld> I~ - - 
-

S - dt 64SkZ (2sa+l)(25b+l) A - -

- 
where 

~i’ A~ are the spin and belicity Qf particle S, a and k are the

square of the e.m. energy and the beat.~ entv-m respectively, and N is the -

scat tering amplitude matrix [22]. For large enough values of tlxe impact - 
S

- parameter, M
1~~ can be approx imated by an expression abta ined fr -am the Born

- approxii~ation [see Section 4, reference 22]: 
- 

- 
- 

S

S 
— 

- 

- H~1j (b) - B ix) (b). 
- 

- 
- S 

-

For smaller iapact parameters, in the region where- b. is smaller than the

targe t rad ius R , the above relation is no longer true because of auppres—

- 

- - 

sion by competing channels, and - 

S -

M[A) (b)C< B11 (b) - 

- for b<cR. - - 
- 

-
- - 

- - S

To account for the decrease in the matrix amplitude- a factor is introduced

such that, 
S 

- - 
-

S 

-
- Nixj 

(b) — 1) (b) B
111 
(b), 

- - 

S 

- - 

- -

where v~ has tb~ form 
- 

- - - - 

- S 
- 

-

S 

~(b)— - 
S - 

-

- 
i~~

p( ,~k---b )I d)  - - -

He re H. and ci are the target radius and width- respectively, which are assumed

to 1,e constant for all channels [22). Up to now , we have seen a descriptio n

of the absorption model as given by Dar , Jackson and Gottfried (23 ,24]. The

model of A. Dat , T.L. Watts , and V. Wei~skop~ modifies this concept by

—28— - -
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S - allowing R and d to be functions of s, the squared c .*n. energy . Their new

assumption -is that the radius R(s) and the width d(s) are slowly increasing

functions of a. RCa) takes the form ,

- R(s) > I l o g  s
aI

was determined experimentally to be, a1 0.73GeV. R(s) is given in

units of ferm is with fl— c—i, and d( s) takes on a similar relation, being

linearly dependent-upon log a f 22] . This relationship is suggested for

two reasons. Firstly, at higher energies more competing channeli are open ,

and their influence reduces the amplitude. Second ly , the exchange ainpli—

tude for masons that are as yet unknown -nay become important at higher

energies. 
- 

- -

With these assumptions then the absorption model makes predictions

for du/dt based on the two parameters R(s) and d(s). 
- 

- 

-

C. CONPARISON WITh EXPERThIENTSAL DATA S 
- - S

‘~igure 22 shows a plot of the exp erirnental d~ lctt: compared with the

model prediction. Figures 23 to 25 sho-~ plots of the various density aa~r~~
elements with their corresponding thcoretical predictions. The theoretical

calculations were done with the help of a FORTRAN program called ABSO~. - 
S

- developed by T.L. Watts and associates at MIT. Coupling constants for the —

upper: and lo~sr vertices were needed for the ccl~ttlations. They were obtained

by using the relations 
- 

- 
-

- 

S - r~~~— 2 g.~~p,~ 126) 
-p 

3 4it M1 -

- r~ ~~~ -r P~1 J~~~L -

—29—
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In these equatio ns, p is the decay n~oaentum of the decay particles in the -

rea.,,~ance rest frame and F is the full width . The value s for the coup— 
- 

-

h u g  constants were found to be, - 
-

- g2/4-it — 2.69, upper vertex, 
- 

- 

- 

- 
-

S G2/ 4~r — 0.279, lower vertex. - 

- 

-

- 
- 

The values for- RCa) and d(s), using events obtained through the 
-

- 
- Prism Plot analysis, were deter mined by taking those para meters tha t - 

-

- gave a least chi squared fit between the experimental and theoretical 
- 

- 
S 

- 
-

- distributions of da/dt. With s—l 1.7& GeV~, they were found to be: 
- 

-

- - 
- 

- - 
S 

- 
- 

- - - 

- 
R 1.042 t .012 fermi 

- 

- 
- - - —

- 

-

- 
- - : 

- 
- -

~ - d 0.040 ± 02 fermi..~ - - - 
- 

-

-Values for RCa) and d(s) were additIonally obtained by using events

- - from the rapidity analysis disc~xssed earlier and finally, from a sample 
- 

- 
- 

-

- 

of events obtained by making simultaneous mass cuts for the and ~~~~~ - 
-

- 

-
- resonances. The final values for the cluster analysis events ware deter— 

-

-
- 

- mine4’to be: 
- 

- 
- 

- 

- 

5

; 
- 

- 

- 

- -S 

- 

- - -

S - - - 
H.— 1.11 ± .02 fermi - 

- - - 
- 

- 
- -

- - - 
- . 

- 

d — 0.03 ± -.02 fermi . - 

- 

- 

- 

- 

-

For -the mass cut events the results were: - - 

- 

- 
- 

- - 
-- -

5
-
. - - - 

- - R — l . 0 3 ± . O 2 fermi 
- 

- - - 

-

-

- 

- 

d — 0.03 ± .02 fer~~. - 
S -

CONCLUSIONS. - 

- 

- 
-

A grapM - ’aI comparison- between the theoretical predictions for

H. and d and the values calculated from the rrism Plot events is shcw~ in

Figure 26. As can be seen, the theoretical predictions for R and d - 
-
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- are 0.9 f eraL and 0.12 fermi respectively. The most reasonable explanation
S 

- 

- - for this diicrepency between the calculated and predicted values may be an

assumption made in the model that R and d are independent of the type of S

exchange particle involved in the interaction. The linear theoretical S

projections for R and d shown ~n Figure 26 had been arrived at by fitting the

calculated values from the interaction, 
-

- 

- 
S 

- fp~~~~U~, 
- 

- 

-

at several different energies. This reaction involves p exchang e. it
- 

- 
- 

would seem likely then, from the data shown here, that the absorption radii

for p exchange may not necessarily be the same as the radii for inter-actions
- 

with other exchange particles. 
- 

- 

-

To follow up on this conjecture a similar analysis was done on data

S 
using a plon beam of 3.9 GeV/ c. The partial cross section for the t~pU -

- 
channel at this momentum was determined to be 1.50 * e04 inb[293. By the

methods described above the a~ollowing values were obtained:
- 

-

~~~~~ 
- 

- 
H. 985 ± .007f - -

-

-

- 

- d =  .08± .OZf ~~~~
- 

- 

S

These values are also shown plotted on Figure 26. SInce the differential

cross sectiân is very insensitive to changes in d, little can be said. here

• about the behavior of d for different values o .  the cm energy .- However , the

values of R do seem to be consista ntly high co~npared to the predicted values

of H.. Many more experiri ental points will be needed of course, but there is

- a good possibility that R values in pion exchange reactions are also linearly

proportional to log s, but larger than the H. values for corresponding values S

S 

of a, for the p meson exchange process. 
- 

- 
-
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- In any case, it is obvious that the Dar—Watt s—Weisskopf Absorp tion 
-

S - Model provides an excellent inter pret ation for the dat a pre sented here. It -
should be noted here also that the fitted t distribution for the Prism - -

Plot sample provided a minimum chi squared approximately one third as 
-

- - 
large as either the cluster analysis sample or the mass cut- sample.- It - .-‘

-- 
seems likely that absorption radii are larger for pion exchange reactions 

-

- 
than for rho meson exchange processes , bDwever, further investigation is - 

-

. -

needed to f ind out more quantitatively how the absorption radii behave 
- 

- :

S - 
- 

for various values of the cm energy. - 
- -

- 
_ _
\~ 

-
- 

- 

-

S 

- 
-
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